death (HR = 2.3; 95% CI = 1.1-4.9) compared to those without SHPT. Conclusion: In diabetic predialysis CKD patients, the presence of SHPT is associated with significantly greater health care resource utilization and costs, and a faster rate of disease progression.
c55 [2, 4] . In 2004, DM was the sixth leading cause of death in the USA [4] .
About one third of people with DM will eventually develop CKD [5] . The CKD risk is even greater in African Americans, Asians, Hispanics and Native Americans [5] . The risk of developing CKD also increases with the length of time a person has had DM. Indeed DM is the single leading cause of end-stage kidney failure, i.e. CKD stage 5, in the USA, accounting for about 44% of people who start maintenance dialysis treatment each year [2] . The prevalence of stage 3-5 CKD has been reported to be 15% in individuals with DM, which is significantly higher than those without DM (4%) [6] . Furthermore, it is likely that CKD is underreported in those with DM because current screening strategies based on creatinine or albuminuria likely fail to identify a considerable number of subjects with early CKD stages [7] .
Individuals with concomitant DM and CKD are at greater risk for cardiovascular disease (CV) and premature mortality compared to those with either disease alone [1] . Furthermore, secondary hyperparathyroidism (SHPT) often develops in patients with CKD and may lead to greater morbidity and higher health care costs in these individuals [8] . However, the additional burden caused by SHPT in those with both DM and CKD not yet requiring dialysis treatment has not been described in the literature.
The purpose of this study was to describe the cost, health care resource utilization and disease progression of diabetic CKD patients with SHPT, who did not receive vitamin D receptor activation (VDRA) therapy. The specific objectives were: (1) to compare baseline (pre-CKD) characteristics in diabetic CKD patients with and without SHPT; (2) to estimate and compare resource utilization and health care costs among these individuals, including CKD-related and CV-related utilization and costs, and (3) to determine the additional risk of CKD progression to dialysis stage or to all-cause mortality associated with SHPT.
Methods

Data Sources
We conducted a retrospective matched cohort study using an administrative claims database. The data were obtained from the PharMetrics TM Patient-Centric Database, which included claims for patients from over 90 health plans across the USA (PharMetrics Inc., a unit of IMS, Watertown, Mass., USA). The database included inpatient and outpatient diagnoses according to the International Classification of Diseases, 9th Revision (ICD-9), Clinical Modification format, and the procedures according to the Current Procedural Terminology, 4th edition, and Healthcare Common Procedural Coding System formats, as well as prescription records, including retail and mail order. Additional data elements were: demographic variables including age, gender and geographic region; insurance type, e.g. health maintenance organizations, preferred provider organizations; payer type, e.g. commercial versus self-pay; provider specialty, and patient start and stop dates for plan enrollment.
Selection of the Study Population
We chose to examine claims from a 72-month period (from January 1, 1999, to December 31, 2004) in order to identify adult diabetic predialysis CKD patients with (n = 264) or without (n = 16,211) SHPT. From these patients identified, diabetic CKD patients with no evidence of SHPT were then matched, based on age (5-year intervals), gender, duration of follow-up (30-day intervals) and Charlson comorbidity index, to diabetic CKD patients with SHPT. After matching there were 517 adult diabetic predialysis CKD patients without SHPT (cohort 1) and 186 adult diabetic predialysis CKD patients with SHPT (cohort 2). DM was assumed when a patient had 2 or more diagnoses for DM (250.XX) 30 days or more apart or at least 1 claim for an oral antidiabetic or insulin prescription during the preindex period. CKD was defined based on the ICD-9 codes (585, 586, 587. To be included in the analyses, we stipulated that patients needed to be continuously enrolled in a health plan for at least 12 months prior and at least 6 months after the first CKD medical or facility claim. An 'index date', defined as the date associated with the initial medical or facility claim meeting the above-mentioned ascertainment criteria, was assigned to each individual patient. The follow-up period, at least 6 months after the index date, was censored as of the date of health plan disenrollment, the end of available data, initiation of dialysis or the end of the study period. The preindex period was defined as the time prior to this first medical or facility claim for CKD, and the postindex one was defined as the time thereafter.
Patients were excluded if: (a) they were less than 18 years of age at the index date, (b) their health plan did not provide data for pharmacy days supply, (c) they were enrolled less than 12 months prior to the index date, (d) they were enrolled less than 6 months after the index date, (e) they were diagnosed as having SHPT during the preindex period, (f) they were 65 years or older and not enrolled in a 'Medicare risk' plan (because complete claims histories during intervals of continuous enrollment may not be available for individuals aged 65 years or older whose insurance coverage is not Medicare 'risk' due to issues of coordination of benefits with traditional Medicare or another payer), (g) key variables were missing in their patient record, e.g. missing or invalid values in gender, birth year or enrollment date variables, or (h) received a prescription for active or activated VDRA therapy. Patients who were treated with VDRA therapy before or after the index date were excluded.
SHPT Ascertainment
Predialysis diabetic CKD patients were considered to have a diagnosis of SHPT if they had: (a) a diagnosis of SHPT (26%; based on at least one medical or facility claim indicative of the diagnosis, ICD-9 code 588.8x), (b) a diagnosis of hyperphosphatemia (16%; c56 based on at least one medical or facility claim indicative of the diagnosis, ICD-9 code 275.3) or (c) evidence of treatment with a phosphate binder (62%; based on at least one pharmacy claim).
Dialysis Outcome Ascertainment
Because we sought to examine exclusively predialysis diabetic CKD patients, any patient undergoing maintenance dialysis treatment during the follow-up period was censored on the day prior to the first chronic dialysis treatment. For these patients, their cohort assignment was based on claims presented prior to the censoring event, and their follow-up period for evaluating resource utilization, costs and outcome measures ended on the same day.
Death Ascertainment
Since the database did not provide an indicator of death, a previously published proxy procedure was used [10] . This procedure includes the examination of all postindex utilizations on a monthto-month basis for each patient. Patients with less than 12 months of claims activity and an event likely to have been fatal (e.g. cardiac arrest, resuscitation or hospitalization) during the last month in which medical and pharmacy claims were available were assumed to have died. This method has been validated and used elsewhere [11, 12] .
Creation of Cohorts
Patients who met the clinical and enrollment criteria noted above were assigned to one of the two mutually exclusive cohorts. Cohort assignment was based on the diagnosis of SHPT and treatment with VDRA as follows: cohort 1 included patients with no evidence of SHPT or VDRA therapy, and cohort 2 encompassed patients with evidence of SHPT and no VDRA therapy.
Statistical Analyses and Measures
Preindex (baseline) demographic and clinical characteristics were evaluated for the two patient cohorts. The following characteristics were evaluated based on data obtained on the index date or during the preindex period: index age, gender, insurance type, geographic region, preindex comorbidities, Charlson comorbidity index and total preindex health care costs.
Annualized per patient resource utilization and direct health care costs were reported for each of the cohorts during the followup period up to the time of dialysis censoring. The number of prescriptions, outpatient services, and hospitalizations were reported for each cohort. Utilization was divided into CV-related or non-CV-related subcategories. CV-related care was further categorized based on the clinical codes on the claims of interest. All other utilization and costs were categorized as non-CV-related health care. Because the follow-up time was varied, all total and CV-related utilization measures and costs were annualized. The total costs, i.e. plan payments for services rendered, were expressed in 2004 US dollars as the amount paid by the health plan, and were adjusted as necessary using the medical care component of the US Consumer Price Index.
We used negative binomial distribution for utilization and a gamma distribution for cost. A log link function was used to adjust the descriptive analyses for potential confounders including gender, age, plan type, payer type, geographic region, physician specialty, preindex comorbidities and preindex total health care costs.
Time to dialysis and time to death were compared between the two cohorts using Wilcoxon rank-sum tests for continuous variables. Kaplan-Meier survival analyses comparing time to dialysis and death among the cohorts were also conducted, as were Cox proportional hazard survival regression analyses. Cox proportional hazard models were adjusted for age, gender, geographic region, plan type, payer type, physician specialty, preindex comorbidities and preindex costs. For all analyses, the diabetes plus CKD without SHPT group was used as the reference cohort. Table 1 provides preindex characteristics of the two cohorts compared in this analysis. A total of 703 diabetic CKD patients were included, among whom 186 bore the concomitant diagnosis of SHPT and 517 did not. The cohorts did not differ with respect to age, gender, type of insurance or geographic region (type of insurance and geographic region not shown in the table).
Results
Baseline (Preindex) Comparisons
Preindex comorbidities were also similar, with the exception of circulatory system disorders (79 vs. 87% in those without SHPT and those with SHPT, respectively; p = 0.023) and pregnancy/childbirth/puerperium disorders (0.2 vs. 1.6% in those without SHPT and those with SHPT; p = 0.027) being different. The total number of comorbidities per patient was the same (5.12 vs. 5.13 in those without SHPT and those with SHPT; p = 0.81). However, the preindex Charlson comorbidity index was higher in the group with SHPT (1.98 vs. 2.26 in those without SHPT and those with SHPT; p = 0.039). Preindex total health care costs, i.e. prescriptions, outpatient and inpatient services, were also slightly higher in the group with SHPT, but this was not statistically significant, i.e. USD 16,604 versus USD 19,070 in those without SHPT and those with SHPT, respectively (p = 0.3).
Descriptive Comparison of Postindex Utilization and Costs
As shown in table 2 , the two cohorts differed significantly across nearly all measures of health care utilization. Diabetic CKD patients with SHPT filled more total prescriptions compared to those without SHPT (75.6 vs. 54.6, p ! 0.0001), and a greater proportion of those prescriptions were for CV-related medications (34.5 vs. 30.6%). Diabetic CKD patients with SHPT also received a greater number of outpatient services (121.4 vs. 76.4, p ! 0.0001), and again a greater proportion of these services was for CV-related care (47.6 vs. 36.8%) compared to diabetic CKD patients without SHPT. CV-related in-c57 patient care was also higher in the cohort with SHPT. CV-related days in hospital were much higher (20.8 vs. 6.2, p ! 0.0001) as were hospitalizations (2.5 vs. 0.8, p ! 0.0001) for those with SHPT compared to those without SHPT. Table 2 compares postindex costs between the two cohorts. Diabetic CKD patients with SHPT had significantly greater medication costs, outpatient service costs and hospital-related costs. Total medication costs were USD 5,492 versus USD 3,589 (p ! 0.0001), total outpatient costs were USD 10,921 versus USD 7,191 (p ! 0.0001), and total inpatient costs were USD 74,951 versus USD 19,618 (p ! 0.0001), in those with SHPT compared to those without SHPT. Again, CV-related total costs were greater (USD 80,383 vs. USD 22,586, p ! 0.0001) for diabetic CKD patients with SHPT compared to those without SHPT.
Adjusted Comparison of Postindex Utilization and Costs
To account for differences in the baseline (preindex) characteristics of patients in the two cohorts, we conducted an adjusted comparison of postindex utilization and costs by controlling for selected covariates, including gender, age, plan type, payer type, geographic region, physician specialty, preindex comorbidities and preindex total health care costs. Health care utilization and costs were higher in the cohort with SHPT compared to that without SHPT. Total prescription utilization, total outpatient services and hospitalizations were 135% (p ! 0.0001), 164% (p ! 0.0001) and 354% (p ! 0.0001) higher, respectively, in diabetic CKD patients with SHPT compared to those without SHPT. The percentage differences for CV-related prescriptions, outpatient and hospitalizations were 139% (p = 0.0002), 203% (p = 0.0002) and 343% (p ! 0.0001) higher in diabetic patients with SHPT than diabetic CKD patients without SHPT. Total health care costs were 320% (p ! 0.0001) higher in diabetic CKD patients with SHPT compared to those without SHPT. Figure 1 shows the Kaplan-Meier analysis of time to death or dialysis combined according to the cohort of SHPT versus no SHPT. Diabetic CKD patients with SHPT progressed significantly more quickly to dialysis or death compared to those without SHPT. Cox proportional hazard analysis was conducted adjusted for relevant covariates. Diabetic CKD patients with SHPT had a nearly 7-fold greater risk of dialysis [hazard ratio (HR) = 6.7; 95% confidence interval (CI) = 4.3-10.6; p ! 0.0001], more than twice the risk of death (HR = 2.3; 95% CI = 1.1-4.9; p = 0.0301) and more than 5 times the risk of dialysis and/ or death (HR = 5.2; 95% CI = 3.5-7.7; p ! 0.0001), when compared to diabetic CKD patients without SHPT ( table 3 ).
Survival Analysis
Discussion
Our findings suggest that diabetic predialysis CKD patients with SHPT experience a faster progression and higher risk of dialysis or death compared to diabetic pre- dialysis CKD patients without SHPT. We also found that these patients (with SHPT) utilized more health care resources (including prescriptions, outpatient services and hospitalizations) and consumed higher costs of care compared to those without SHPT.
To the best of our knowledge, this is the first study to have investigated kidney disease progression associated with SHPT in diabetics with predialysis CKD. This is an underappreciated patient group, despite the fact that DM is the single leading cause of kidney failure in the USA, and many other countries [2] , whereas SHPT is grossly underdiagnosed in predialysis CKD patients [8] . The prevalence of SHPT in patients with an estimated glomerular filtration rate less than 60 ml/min is approximately 56% [13] . Our study demonstrates the economic burden of SHPT in diabetic predialysis CKD patients and the negative impact on disease progression. Previous studies have shown the economic advantage and improvement in survival of selective VDRA therapy in CKD stage 5 hemodialysis patients [14] [15] [16] [17] [18] . Further analyses are needed to assess whether early treatment with a selective VDRA in diabetic predialysis CKD patients can reduce such excessively high costs and positively impact the disease progression and clinical outcomes including survival.
The number of patients with diabetes as the primary cause of CKD stage 5 (traditionally known as end-stage renal disease) rose 6.6% between 2001 and 2005 [7] . In both diabetic and nondiabetic CKD patients, elevated parathyroid hormone has been shown to be associated with a number of cardiovascular (myocardial fibrosis, left-ventricular hypertrophy, decreased myocardial contractility, increased vascular and valvular calcification, decreased vasodilatation), metabolic (decreased insulin sensitivity and disorders of lipid metabolism, hematological (bone marrow fibrosis and decreased erythropoiesis) and immunological abnormalities [19] . Hence it is biologically and epidemiologically plausible that untreated SHPT in diabetic predialysis patients would lead to greater health care resource utilization and disease progression.
The goal (a priori) was to match 4: 1; however, we were not able to find 4 matches for each SHPT patient. Consequently, in order to maximize sample size of the patients included in the study, we required at least 1 match and up to 4 matches for each SHPT patient. The average match was 2.8: 1.
For a patient to be defined as diabetic we required at least 2 diagnosis codes of DM (at least 30 days apart) or 1 claim plus a prescription for a diabetic medication. We did this in order to eliminate 'rule-out' patients from the study. In our experience, it is common for a diagnosis of diabetes to be present on an outpatient management claim or laboratory claim if the physician suspects DM. Typically, the physician will then order a laboratory test to confirm the diagnosis, and a second diagnosis code will appear in the record. If only a single diagnosis code is present in the claims data (and if there are no diabetes medications filled), then the patient may have been ruled out for diabetes, and thus we did not define them as confirmed DM cases.
Our study is subject to the inherent limitations of epidemiological observational studies and only associations, not causality, can be inferred. We preformed strategies to mitigate confounding by other factors such as selecting the first diagnosis for CKD as the index date and adjusting for Charlson comorbidity index and preindex health care costs to correct for CKD severity between the cohorts. This analysis was conducted by developing the study protocol and analysis plan a priori [20] . Further, the accuracy of coding within claims data is known to be variable, particularly with respect to diagnoses where miscoding may be problematic. We used ICD-9 codes to identify patients with diabetes, CKD and SHPT, and as such our results are reliant on the quality of coding.
Both Customer-Centric Initiative (CCI) and preindex health care costs were considered appropriate variables to control for in measuring the risk of dialysis as well as resource utilization/cost in the follow-up period. No collinearity issues were found when conducting and testing the models. Descriptive analyses were examined and de- termined that the difference in CCI was significant and therefore needed to be in the model. It can be argued that the CCI adjustment (as an adjustor for preindex disease severity) would have sufficed. However, the preindex health care cost adjustment added value by capturing all costs, not just certain conditions as captured in the CCI.
Identification of patients with SHPT was particularly challenging, because SHPT is not often coded. Therefore, we labeled patients as having SHPT if they had a specific diagnosis of SHPT (ICD-9 code 588.8x), a diagnosis of hyperphosphatemia (ICD-9 code 275.3) or were receiving phosphate binder treatment during the postindex (CKD diagnosis) period. This definition of SHPT may still not be adequately inclusive, and as such there is the possibility of undiagnosed SHPT in the reference cohort. However, this limitation suggests that even greater differences between cohorts may exist.
We also used claims data to identify the events of interest. Since the claims database we used did not provide an indicator of death, a previously published proxy for death in end-stage renal disease patients was used [10] . The use of this proxy indicator may be subject to misclassification error. However, this method has been validated and used frequently [11, 12] . Selection bias, bias from censoring of data and measurement error are other potential sources of miscalculation. Nevertheless, we have no reason to suspect that selection bias influenced our results. We censored the data to ensure internal consistency of patients included and for interpretability of our results.
Conclusion
In this retrospective observational study, we found that in diabetic predialysis CKD patients, the concurrent existence of SHPT without VDRA therapy is associated with significantly greater health care resource utilization and costs, a faster rate of CKD progression and an increased risk of death. While there are limitations of this type of analysis, these results provide preliminary evidence of the additional burden of SHPT in the presence of diabetes and CKD, and perhaps indicate the need for additional studies to both confirm these findings and evaluate the ability of treatment of SHPT in diabetic stage 3 and 4 CKD patients to lessen this burden. 
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